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a b s t r a c t

Differentiated mammary epithelial cells are responsible for milk synthesis during lactation, supporting
early postnatal life in mammals. These cells are found in the terminal alveoli of a secretory epithelium,
which is surrounded by myoepithelial cells and a stroma rich in fatty tissue. The aim of this study was to
explore the cell-specific expression of the glucose transporter GLUT8 in mammary gland and evaluate its
functionality for glucose transport, in order to confirm its role in lactose synthesis. Our histological re-
sults revealed that GLUT8 is expressed in adipocytes and the epithelial and myoepithelial cells in
mammary gland, with a predominant intracellular granular pattern. Colocalization studies of endoge-
nous and green fluorescent protein fused GLUT8 revealed their expressions in lysosome and Golgi,
respectively, with Pearson's coefficient correlations of 0.82 ± 0.05 and 0.68 ± 0.16. Functional studies of
dileucine to dialanine mutant of GLUT8 showed a fructose-sensitive 2-deoxy glucose uptake at a rate of
83.3 pmoles/(min*106 cells), 7 folds over empty vector, with a 60 ± 4 and 72 ± 6% decline in 2-deoxy
glucose in the presence of 20 and 50 mM fructose, respectively.

We concluded that functional GLUT8 is expressed in mammary gland, localizing in mammary
epithelial and myoepithelial cells, and adipocytes. In lactation, GLUT8 is expressed mainly in luminal
epithelial cells, at the compartments of the endomembrane system. It is necessary to explore the
physiological/pathological functions of GLUT8 in mammary gland, including its role in lactation.

© 2021 Elsevier Inc. All rights reserved.
1. Introduction

The mammary gland is essential in early postnatal life in
mammals, producing milk, a vital food that provides nutrients,
water, electrolytes and immune defense to the pups. A mature
mammary gland is composed of a secretory epithelium with a
lobeealveolar system supported by a stroma rich in fatty tissue. The
terminal alveoli have differentiated epithelial cells (MEC) respon-
sible for milk production; the epithelial cells are surrounded by
myoepithelial cells (myoMEC) that contract to allow the ejection of
milk [1].

Glucose, the key nutrient in lactating mammary gland, supports
energy metabolism, proliferation rate, and milk production by MEC
-deoxy-glucose; MEC, mam-
lial cells.
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during pregnancy and lactation. Some studies have established that
in different mammals between 50 and 85% of plasma glucose is
redistributed to the mammary gland during lactation to support
lactose, fatty acid and protein synthesis [2,3]. The lactating MEC are
principally responsible for mammary glucose utilization, taking on
glucose mainly by facilitative Glucose Transporters GLUT1, the
Sodium Glucose Cotransporter SGLT1 and the SugarWill Eventually
be Exported Transporter (SWEET1) [3,4]. However, Golgi lactose
synthesis in MEC is presumably supported by GLUT1 and GLUT8,
allowed glucose inside this organelle as substrate to lactose syn-
thase, together with UDP-galactose [3,5,6].

GLUT8 is a widely expressed intracellular glucose transporter. It
has been localized in several components of the endomembrane
system (Golgi, endosome, and lysosome), where its role in protein
glycosylation and glucose/fructose or dehydroascorbic acid out-
take have been proposed [7]. GLUT8 is a class III glucose facilita-
tive transporter because, structurally, it has a long loop between the
TM IX and X and a N-glycosylation site in the ninth extracellular
loop. It lacks the QLSmotif in the TMVII and presents an N-terminal
dileucine motif [DE]XXXL[LI] at positions 12 and 13, which make it
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able to transport fructose and be localized intracellularly, respec-
tively [7]. The knock-out is viable, with more relevant changes in
liver response to high fructose diet and in spermatozoid motility
associated with a drop in the mitochondrial membrane potential
and ATP levels and a delay in the fusion of mitochondria in late
spermatids [8,9]. Other minor changes such as low litter size,
slightly higher neuronal proliferation at the hypothalamus, and
defects in atrial conduction were also observed [8e11].

Due to the lack of information about GLUT8 expression in
different cell types of mammary gland or about the performance of
kinetic assays of it, the aim of this study was to explore the cell-
specific expression of the GLUT8 glucose transporter in mammary
glands and evaluate if GLUT8 expressed in lactating mammary
gland is functional for glucose transporter, in order to confirm its
role in lactose synthesis.

2. Materials and methods

2.1. Experimental procedure

Mammary tissue was obtained from the abdominal glands of
nulliparous and primiparous female BALB/c mice that had been
lactating for 2 days as previously described [5]. The animals were
kept at 22 �C with light/dark inverted cycle, fed ad libitum. The
Institutional Ethic Committee approved the procedures, all of
which conformed with the Guide of the Care and Use of Laboratory
Animals of the National Council for Science and Technology
Research (CONICYT, Chile) and the US National Institutes of Health
Guide for the Care and use of Laboratory Animals.

2.2. Cell culture

Immortalized human cell lines 1-7HB2 cells and HEK293 cells
were maintained in a Dulbecco-Modified Eagle's medium supple-
mented with 10% fetal bovine serum, 2 mM glutamine and 100
units/ml of penicillin-streptomycin (Sigma Co.) kept in 5% CO2 in a
humidified atmosphere. The 1-7HB2 cells were additionally sup-
plemented with 10 mg/ml bovine insulin and 5 mg/ml hydrocorti-
sone. The HEK293 cell line was kindly gifted to us by Dr. C. Rivas
(University of Concepci�on, Chile) meanwhile 1-7HB2 cells were
acquired from Sigma Co. (cat nº 10081201, lot nº 10H009).

2.3. Immunodetection assays

Immunohistochemical analysis was performed in 5 mm slides of
paraffin-embedded samples using antibodies against GLUT8,
GLUT4, cytokeratin (CK18), smooth muscle actin (SMA), and mucin
1 (MUC), at appropriate dilutions, revealed with the corresponding
horseradish peroxidase conjugated secondary antibodies and 2,2-
diaminobenzydine, and counterstained with hematoxylin (Sigma
Co.). In colocalization assays, antibodies against cis-Golgi matrix
protein 130 (GM130) and lysosome-associated protein (LAMP2)
and the respective secondary antibodies conjugated with Alexa-
Fluor 594 or Alexa-Fluor 458 were used. Samples were mounted
using Vecta-shield medium with DAPI (4,6-diamidino-2-
phenylindole) (Vector Labs). Similar assays were performed in
culture cells grown over circular glasses in 12 well plates. In each
assay, negative controls were performed in absence of the primary
antibody. Protocols followed were previously described [5]. Details
of antibody companies and dilution used are presented in Table 1.
Motic Image Pro 2.0 software with Motic Ba410, and Olympus IX81
fluorescence microscope with a Hamamatsu ORCA-R2 camera
controlled by Olympus Xcellence R software were used to capture
the representative peroxidase and fluorescence samples at 40x and
100x magnification, respectively.
126
2.4. GLUT8 cloning and expression

GLUT8 full-length codified cDNA was amplified from mouse
mammary tissue on day 2 of lactation, using high-fidelity Pfu Ultra
Fusion II DNA polymerase (Stratagene) and Labnet thermocycler,
according to its published sequence (GenBank: NM_019488.4), and
the following primers: forward primer 50 ATA GAA TTC GCC ACC
ATG TCT CCC GAG CC 30 and reverse primer 50 GGG CCC GAT GCT
GGA ACA 3’. The polymerase chain reaction product was purified
from agarose gel with a QUIAEXII purification system (Quiagen),
cloned in the pSC-Blunt vector (Stratagene) and subcloned in
plasmid coded for GFP (Green Fluorescent Protein). Site-directed
mutagenesis of N-terminal dileucine motif to dialanine (12LL/AA)
was performed using the QuickChange Site-Directed Mutagenesis
kit (Stratagen), with the forward primer 50CAG AGG AAA CCC AGC
CGG CTG CTG GGC CTC CTG GCG GCA G 30 and the reverse primer 50

CTG CCG CCA GGA GGC CCA GCA GCC GGC TGG GTT TCC TC TG 3'.
GLUT8 full-length and the mutant were expressed in HEK293 cells
using Satisfaction reactive (Stratagene). Control kinetic assay was
performed using a plasmid containing human GLUT1_GFP and only
GFP kindly gifted by Dr. C. Rivas [12].

2.5. Functional assays

Transport of DOG (2-deoxy-D-glucose) was performed in
HEK293 cells, using 200,000 cells per well in 24 well plates. Cells
were incubated for 30 min in a transport solution (15 mM HEPES
pH 7.4, 135 mM NaCl, 5 mM KCl, 1.8 mM CaCl2, 0.2 mM MgCl2), and
then in a transport solution containing DOG (2 mCi/ml of 2-
[1,2e3H]-deoxy-D-glucose) [13]. The uptake was completed at
appropriate time intervals by the addition of a cold stop solution
(transport solution containing 0.2 mM HgCl2), followed by lysis
with 10 mM Tris-HCl and 0.2% SDS (sodium dodecyl sulphate) stock
solution. The incorporated radioactivity was measured by liquid
scintillation (EcoScint LS 6500 Liquid Scintillation) in a Beckman
Coulter counting system. Fructose was added simultaneously with
DOG at 50 and 200 mM, respectively, to perform competence as-
says. Each assay was performed in triplicate in three independent
experiments.

2.6. Statistical analysis

Statistical analyses were performed using one-way ANOVAwith
Dunnett's post hoc Tukey test, and p values < 0.01 and 0.001 were
considered significant (*) and highly significant (**), respectively.
Pearson's correlation coefficient was used to evaluate colocaliza-
tion, processing 10 sectors of different fields in each case using
JaCop plugin of ImageJ software.

3. Results

Initially, we identify the different mammary cell types through
specific peroxidase immuno-detection, using the antibodies anti-
CK18 and MUC for MEC, SMA for myoMEC, and GLUT4 for adipo-
cytes (Fig. 1A). GLUT8 was identified by immunofluorescence and
expressed by MEC, MyoMEC and adipocyte, according to its local-
ization, shape and morphology, co-localizing with SMA in myoMEC
(Fig. 1B). GLUT8 presented a granular intracellular pattern.

To complement the studies on murine mammary glands, we
performed sub-cellular localization of GLUT8 in the immortalized
normal human MEC cell line 1-7HB2. Primarily, the epithelial na-
ture of this cell line was confirmed by expression of CK18 (Fig. 2A).
Then, when colocalization assays were performed, GLUT8 colo-
calized predominantly with LAMP2 from the lysosome, but not
with GM130 from the Golgi, as indicated by the Pearson's


	Cell-specific expression of functional glucose transporter 8 in mammary gland
	1. Introduction
	2. Materials and methods
	2.1. Experimental procedure
	2.2. Cell culture
	2.3. Immunodetection assays
	2.4. GLUT8 cloning and expression
	2.5. Functional assays
	2.6. Statistical analysis

	3. Results
	4. Discussion
	Funding
	Declaration of competing interest
	Acknowledgments
	References


